ABSTRACT: Thirty-eight Angus-cross beef cows were used to evaluate differences in DMI, residual feed intake (RFI), and endocrine markers on the basis of cow size and RFI ranking during 2 stages of production. Cows housed in individual pens (2.2 × 9.1 m) were fed, over a 70-d feeding period, 30% Bermuda grass hay and 70% ryegrass baleage diet during lactation (LACT) and a 100% ryegrass hay diet during postweaning (NOLACT). Individual daily feed intake, BW, and BCS were recorded, and hip height was used to determine frame score (FS). Feed intake was used to calculate RFI for each cow, and cow was the experimental unit. Blood samples were obtained on d 0 and 70 and were analyzed for glucose, insulin, leptin, triiodothyronine (T3), and thyroxine (T4). Cows were assigned to a light (LIT) or heavy (HEV) BW groups on the basis of mean BW at the beginning of the LACT period. On the basis of RFI values for each feeding period, cows were placed into a negative (NEG; RFI < 0.00) or positive (POS; RFI > 0.00) RFI group and into a low (LOW; ≤0.2 SD mean RFI), medium (MED; within ±0.19 SD), or high (HI; ≥0.2 SD mean RFI) RFI group. During LACT, DMI was 4.8% greater (P = 0.03) and FS was greater (P < 0.01; 6.4 and 5.5 ± 0.16) for the HEV compared with LIT BW cows. No RFI by day interaction or RFI group main effect occurred for endocrine markers during LACT; however, a negative relationship (P = 0.04) existed between BW group and combined T3 data, and a positive relationship (P = 0.04) existed between RFI and combined insulin data. For both LACT and NOLACT, RFI was similar (P > 0.05) among BW groups; however, DMI was 6.5% and 8.9% greater (P < 0.01) for POS compared with NEG RFI in the LACT and NOLACT periods. In LACT, DMI was greater (P < 0.01) for HI and MED RFI compared with LOW RFI, and in NOLACT, DMI was greater (P < 0.01) for the HI compared with MED and LOW RFI cows and MED compared with LOW RFI cows. During NOLACT, DMI was 8.9% greater (P < 0.01) for the HEV (12.4 ± 0.22 kg) compared with LIT (11.3 ± 0.19 kg) BW cows. Change in BCS was greater (P ≤ 0.03) in higher RFI cows in both RFI groups only in the NOLACT period. Differences in T3 and T4 on d 0 and 70 were 25% and 15% greater (P ≤ 0.04) for the LIT BW group compared with the HEV BW group. A negative correlation existed (P ≤ 0.04) between BW group and T3 and T4, as well as leptin and RFI (P = 0.03). Although cow BW was independent of RFI and T3 and T4 levels tended to be greater in lighter BW cows, DMI was consistently greater for cows with heavier BW and higher RFI values.
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INTRODUCTION
Market signals for meat yield have increased over the years because of consumer demand. This response has been evident with carcass weights of steers and cows increasing 65 and 66 kg, respectively, over the last 30 yr (National Agricultural Statistics Service, 2009) . To produce greater amounts of meat, organ size and metabolic capacity must increase, which subsequently impacts overall energy requirements for maintenance (DiCostanzo et al., 1990; Ortigues et al., 1993) . Intake required for cow maintenance accounts for approximately 50% of total feed energy required for beef production (Ferrell and Jenkins, 1984) . Nutrient requirements of beef cattle (NRC, 1996) for maintenance and DMI are based on cow size (Klosterman et al., 1968; Lemenager et al., 1980) and stage of production (ARC, 1980) . On the basis of milk production and stage of production, DMI increases 1.4 kg/d for every 90.7 kg increase in cow BW (NRC, 1996) .
Some work has been conducted evaluating residual feed intake (RFI) as a measure of feed efficiency in mature beef cows at different stages of production. Residual feed intake is the difference in actual daily feed intake and the predicted daily feed intake of an animal for a given level of maintenance or production (Basarab et al., 2003) and is reported to be independent of BW and mature size (Herd and Bishop, 2000; Arthur et al., 2005) . Although the relationship between physiological markers, DMI, and feed efficiency is not well understood, it has been reported that steers with greater plasma leptin concentrations had greater DMI (Nkrumah et al., 2007) and greater RFI (Richardson et al., 2004; Nkrumah et al., 2007) . In addition, high RFI steers had greater systemic insulin concentrations (Richardson et al., 2004) .
Estimates of feed required for maintenance of BW were obtained 20 to 30 yr ago (Taylor et al., 1981; Jenkins and Ferrell, 1983; Solis et al., 1988) , and genetic changes made over the last 30 yr have significantly increased mature cow BW. Increases in BW may have affected intake and feed efficiency. If so, changes in intake differences would eventually result in changes in maintenance requirements of mature beef cows. The objectives of this study were to evaluate 1) the relationship between cow BW and DMI, RFI, animal performance, and endocrine markers and 2) the relationship between RFI ranking group and cow BW, DMI, animal performance, and endocrine markers during lactation and postweaning.
MATeRIALS AND MeTHODS
All procedures and facilities used in this experiment were approved by the Louisiana State University Agricultural Center Animal Care and Use Committee (IACUC A2011-14).
Animals and Management
Thirty-eight lactating Angus-cross beef cows were used during lactation (LACT, 42 ± 6.8 d mean postpartum interval) from April to June and 21 d postweaning (NOLACT) from October to December of 2012 at the Hill Farm Research Station, a unit of the Louisiana State University Agricultural Experiment Station.
Cows 5 yr of age or older were selected from the Hill Farm Research Station herd to determine differences in DMI, RFI, and animal performance on the basis of cow size during 2 stages of production within the same year. At weaning during the fall of 2011, 174 cows 4.5 yr of age or older were sorted into light (LIT; 488 ± 30 kg) and heavy (Hev; 573 ± 39 kg) cow BW groups on the basis of the average BW of the entire herd. Thirty-eight cows with heifer calves at their side, which were balanced for days in lactation, were selected from the LIT and HEV cow BW groups for intake and feed efficiency evaluation.
During each of the lactation and postweaning feeding periods, cows were housed in individual pens (2.2 × 9.1 m) with concrete flooring equipped with 2.2 m of bunk space for a 14-d adaption and a 70-d feeding period. Dry pine shavings were placed in half of the pen space in each individual pen to a depth of 15 cm, and manure was removed daily. All pens and bunk space were covered, with the bunks located on the outer edge of the pens. All cows had ad libitum access to water.
Animal performance was measured by collecting individual BW, BCS, and frame score (FS). Individual BW and BCS (scale 1 to 9; 1 = emaciated and 9 = obese; Wagner et al., 1988) were recorded on 2 consecutive days at the initiation (d −1 and 0) and conclusion (d 69 and 70) of each feeding period. A BCS was assigned to each animal by the same evaluator for all recordings. Hip height (at initiation of each feeding period) was recorded and used in the determination of FS (Beef Improvement Federation, 2002) for each animal. Performance was measured over each 70-d feeding period using ADG. During the lactation feeding period at approximately 112 d postcalving, milk production was determined once for each cow using the weigh-suckle-weigh method described by Beal et al. (1990) . Individual feed intake data were collected daily by weighing the diet offered at approximately 0800 h each day and weighing orts approximately 22 to 24 h later for each cow. Feed intake data on days with precipitation or from missing orts were removed from analysis; therefore, 57 d of valid feed intake data during the LACT feeding period and 60 d of valid feed intake data during the NOLACT feeding period were used for analysis. Random individual samples from 10 pens were collected, weighed, and dried on 3 d/wk throughout the 70-d feeding period for determination of percent DM of those pens sampled. The combined mean percent DM of the orts sampled on a particular day was used to calculate percent DM for each ort from every pen each day up until the next sampling day when new samples were collected for DM.
Diets
Animals were allowed ad libitum access to diets, which were initially offered at 3% to 4% and 2% to 3% of individual BW during the LACT and NOLACT feeding periods at 0800 h every day. The amount of individual feed delivered was adjusted daily so that orts consisted of approximately 15% of the daily diet fed the subsequent day to ensure ad libitum access to diet. The LACT diet consisted of chopping and mixing 30% dry Bermuda grass hay with 70% ryegrass baleage in a TMR Mixer (Supreme International, Wetaskiwin, Alberta, Canada). The NOLACT diet consisted of 100% chopped ryegrass hay. The harvested forages that were used were identified to meet the NRC (1996) recommendations for lactating and nonlactating beef cows depending on stage of production (Table 1) .
Endocrine Markers
Blood samples were obtained via coccygeal venipuncture from each cow on d 0 and 70 for both the LACT and NOLACT feeding periods. Blood samples (6 to 8 mL/sample) were collected into Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ) containing sodium heparin N and were placed on ice. Plasma was obtained by centrifugation (4,235 × g for 15 min at 0°C) and was stored at −20°C until being analyzed for glucose and insulin, leptin, triiodothyronine (T3), and thyroxine (T4).
Concentrations of plasma glucose were analyzed via colorimetric procedures using spectrophotometric procedures outlined in commercially available kits (Sigma Diagnostics, St. Louis, MO). The limit of detection was 0.4 mmol/L, and intra-and interassay CV were 4% and 6%, respectively. The concentration of plasma insulin was assayed by radioimmunoassay with reagents from Siemens Healthcare Diagnostics (Duluth, GA). All samples were measured in a single assay. The limit of detection was 0.5 mU/L, and the intra-assay CV averaged 5%.
The concentration of plasma leptin was determined as described by Gentry et al. (2103) using radioimmunoassay. The minimum detection limit of leptin was 0.2 ng/ mL, and the intra-and interassay CV were 6% and 14%, respectively.
Concentrations for T3 and T4 were analyzed by radioimmunoassay using coated tubes and reagents from MP Biomedicals (Santa Ana, CA). Percent recovery was analyzed by spiking the standards of each kit with plasma in a 1:30 standard:plasma dilution. The kits were validated by performing curve displacement and parallelism by diluting plasma samples in a 1:1 ratio with each standard and plotting the final value against standard curves (Williams et al., 1987) . The limits of detection for T3 and T4 assays were 10 ng/mL and 0.4 µg/dL, respectively; intra-assay CV for T3 and T4 were 5% and 6%, and interassay CV were 8% and 7%, respectively.
Determination of RFI
Individual feed intake data were recorded over 70 d for both the LACT and NOLACT feeding periods and were used to calculate RFI for each cow. Residual feed intake was calculated as the difference between actual individual daily feed intake and the expected individual daily feed intake. For both the LACT and NOLACT feeding periods, beginning and ending BW were regressed over time using simple linear regression to calculate midtest BW and ADG. Stepwise multiple regression analysis and backward elimination were performed to develop equations for predicted DMI using PROC REG of SAS (SAS Inst. Inc., Cary, NC). For both the LACT and NOLACT feeding periods, the full models included cow ADG, metabolic midtest BW, midtest BCS, FS, and milk production (for the LACT feeding period full model). For each model, the variables were regressed against individual daily feed intake, where metabolic midtest BW was calculated as midtest BW 0.75 (Basarab et al., 2003) . The significance level used to determine the variables that remain in the stepwise regression equation for predicted DMI was set at P < 0.05. Model 1 was fitted for the LACT feeding period using the following equation:
Model 2 was fitted for the NOLACT feeding period using the following equation:
where β 0 = the regression intercept, β 1 = the partial regression coefficient of feed intake on midtest BW 0.75 , β 2 = the partial regression coefficient of feed intake on ADG, β 3 = the partial regression coefficient of feed intake on midtest BCS, and β 4 = the partial regression coefficient of feed intake on milk production.
Statistical Analyses
Data were analyzed with cow as the experimental unit. Because RFI is defined as the observed DMI minus the predicted DMI (Koch et al., 1963) , cows that are more efficient than their contemporary group have a more negative RFI value (feed intake was lower than predicted), and cows that are less efficient than their contemporary group have a more positive RFI value (feed intake was greater than predicted). Because of the normal distribution of RFI data, cows were placed into a positive (POS; RFI > 0.00) or negative (NeG; RFI < 0.00) RFI feed efficiency group on the basis of their RFI values and were further placed into a low (LOw; ≤0.2 SD mean RFI), medium (MeD; within ±0.19 SD), or high (HI; ≥0.2 SD mean RFI) RFI feed efficiency group on the basis of their RFI values for each period (Meyer et al., 2008) . These RFI groups were identified to determine whether differences existed in initial BW, final BW, ADG, DMI, FS, and endocrine markers among cows with a NEG or POS RFI value and among cows with a LOW, MED, or HI RFI value to detect differences among extreme low and high RFI values.
For each feeding period (LACT and NOLACT), differences in initial and final BW, initial and final BCS, BCS change, FS, ADG, DMI, and RFI between cow BW group and RFI feed efficiency group were analyzed using the GLM procedure of SAS. For the LACT feeding period, differences in milk production between cow BW group and RFI feed efficiency group were analyzed using the GLM procedure. Covariates used in the full model included age, BCS, and FS, and backward elimination was performed to identify the variables that remained in the final model using a significance level set at P < 0.05. Milk production data were not collected from 1 cow from the LIT cow group, and thus, data from that cow were removed from RFI group data analysis and when milk production was analyzed as a fixed effect.
For each feeding period (LACT and NOLACT), differences in plasma glucose, insulin, T3, T4, and leptin between cow BW group, sample day, and BW group by sample day interaction, as well as RFI feed efficiency group, sample day, and RFI group by sample day interaction, were analyzed using the MIXED procedure with repeated measures of SAS. Covariates used in the full model included age, BCS, and FS, and backward elimination was performed to identify the variables that remained in the final model using a significance level set at P < 0.05. Significance of main effects was determined at P < 0.05, with tendencies declared at P < 0.10.
Plasma samples of T3 and T4 during the LACT feeding period were scheduled to be analyzed at a time later than when glucose, insulin, and leptin were analyzed. Because of damage to samples during storage, plasma samples that were collected on d 31 and 43 for progesterone analysis were used to analyze T3 and T4. Therefore, results reported for plasma T3 and T4 during the LACT feeding period were from samples collected on d 31 and 43 of the 70-d feeding period instead of d 0 and 70, respectively.
Partial correlations were performed using the CORR procedure of SAS to determine correlation coefficients among RFI, performance parameters, and endocrine profiles, as well as BW group, performance parameters, and endocrine profiles, except for differences in milk production. Statistical significance was declared when P < 0.05, and a tendency was declared at P < 0.10.
ReSULTS
The chemical and energy compositions of diets fed to cows in the LACT and NOLACT feeding periods are listed in Table 1 . For the LACT feeding period data, animal performance, DMI, and RFI based on cow BW group and RFI ranking group are listed in Tables 2 and  3 ; plasma hormone and metabolite data based on cow BW group and RFI ranking group are listed in Tables 4 and 5 ; and phenotypic correlations of traits measured are listed in Table 6 . For the NOLACT feeding period data, animal performance, DMI, and RFI based on cow BW group and RFI ranking group are listed in Tables  7 and 8 ; plasma hormone and metabolite data based on cow BW group and RFI ranking group are listed in Tables 9 and 10 ; and phenotypic correlations of traits measured are listed in Table 11 .
LACT Feeding Period
Mean initial BW and BCS at the beginning of the 70-d feeding period were 544 kg (SD = 26.3 kg) and 4.7 (SD = 0.3) for the LIT BW group and 621 kg (SD = 40.1 kg) and 5.2 (SD = 0.6) for the HEV BW group, respectively. Throughout the 70-d intake study, cows that fell into the HEV BW group had a FS that was 0.9 times larger (P < 0.01) than that of cows that fell into the LIT BW group (Table 2) . Dry matter intake was greater (P = 0.03) for cows in the HEV BW group (16.7 ± 0.03 kg/d), consuming 0.8 kg, or 8%, more than the cows in the LIT BW group (15.9 ± 0.03 kg/d). However, no differences (P > 0.10) were observed between BW groups for ADG, BCS change, milk production, and RFI, which averaged 0.5 ± 0.06 kg, 0.37 ± 0.08, 3.92 ± 0.47 kg, and 0.00 ± 0.2, respectively.
For the first analysis of RFI ranking group, beginning BW was similar (P = 0.19) and averaged 582 ± 6.8 kg, and ending BW was also similar (P = 0.41) and averaged 617 ± 7.3 kg for POS compared with NEG RFI cows (Table 3) . Cow performance data for ADG, beginning and ending BCS, BCS change over time, FS, and milk production were similar (P > 0.10) among cows classified as POS and NEG RFI. However, cows classified as POS RFI had a 6.5% increase (P < 0.01) in daily DMI (16.9 ± 0.21 kg) compared with cows classified as NEG RFI (15.8 ± 0.21 kg).
For the second analysis of the RFI ranking group, beginning BW was similar (P = 0.38) and averaged 582 ± 9.1 kg, and ending BW was similar (P = 0.59) and averaged 616 ± 9.8 kg for LOW, MED, and HI RFI cows (Table 3 ). In addition, performance data for ADG, beginning and ending BCS, BCS change, and milk production were similar (P > 0.10) among LO, MED, and HI RFI cows. Cows with an RFI value close to 0 (MED RFI group) had greater FS (P = 0.02; 6.5 ± 0.23) than cows in the LOW (5.6 ± 0.22) and HI (5.8 ± 0.22) RFI groups. Daily DMI for cows in the HI RFI group was 1.4 and 0.8 kg more (P < 0.01) per day compared with cows in the LOW and MED RFI groups, respectively; however, DMI was similar for cows in both the LOW and MED RFI groups.
The endocrine markers glucose, insulin, T3, T4, and leptin measured during the LACT feeding period are presented in Tables 4 and 5 . On the basis of BW grouping, there were no sample day interactions (P > 0.10) for any of the markers analyzed (Table 4 ). In addition, there were no significant main effects (P ≥ 0.10) of BW group on glucose, insulin, T3, or T4; however, plasma leptin tended (P = 0.09) to be greater for cows in the LIT BW group (0.70 ± 0.07 ng/mL) than for cows in the HEV BW group (0.51 ± 0.07 ng/mL). There was a sample day effect in which plasma glucose levels were 6.8% greater (P ≤ 0.01) on d 0 compared than on d 70, and plasma T3 and T4 levels were 9.9% and 9.8% greater (P ≤ 0.01) on d 31 than on d 43, whereas plasma leptin levels were 33.0% greater (P < 0.01) on d 70 than on d 0 for both BW groups and RFI ranking groups. On the basis of RFI ranking, there were no sample day interactions (P > 0.10) for the NEG and POS RFI groups or for the LOW, MED, and HI RFI groups (Table 5 ). There were no main effects (P > 0.10) of glucose, T3, T4, or leptin on NEG and POS RFI ranking; however, there tended (P = 0.06) to be an increase in plasma insulin for cows in the POS RFI group compared with cows in the NEG RFI group. For the LOW, MED, and HI RFI ranking groups, there were no significant main effects of glucose, insulin, T3, or T4; however, there tended (P = 0.07) to be a decrease in plasma leptin for cows in the MED RFI groups compared with cows in the LOW and HI RFI groups.
Pearson correlation coefficients of age and measures of BW, BCS, ADG, FS, intake, and endocrine markers for the LACT feeding period are presented in Table 6 . A strong positive relationship existed between BW group and DMI (r = 0.37; P = 0.02), initial BCS (r 2 LIT = cows weighing below the mean beginning BW (591 kg), and HEV = cows weighing above the mean beginning BW during the LACT feeding period.
3 Pooled SE of cow BW group means within each feeding period.
= 0.45; P < 0.01), final BCS (r = 0.32; P = 0.05), and FS (r = 0.58; P < 0.01). Interestingly, a negative relationship existed between BW group and d 31 and 43 combined plasma T3 (r = −0.24; P = 0.04) and tended to exist between BW group and d 31 and 43 combined plasma T4 (r = −0.22; P = 0.06). Not surprisingly, the relationship between RFI and DMI was significant (r = 0.65; P < 0.01). There was a positive relationship between RFI and d 0 and 70 combined plasma insulin (r = 0.25; P = 0.04), and there tended to be a positive relationship between RFI and d 70 plasma insulin (r = 0.30; P = 0.07) and RFI and d 31 and 43 combined plasma T3 (r = 0.20; P = 0.08).
NOLACT Feeding Period
Mean initial BW and BCS were 554 kg (SD = 21.9 kg) and 5.1 (SD = 0.4) for cows in the LIT BW group and 628 kg (SD = 43.1 kg) and 5.1 (SD = 0.6) for cows in the HEV BW group, respectively. Like in the LACT feeding period, cows in the HEV BW group had a 0.9 times greater FS (P < 0.01) than cows in the LIT BW group, and they consumed 1.1 kg, or 10.5%, more DM per day (P < 0.01; 12.4 ± 0.22 kg/d) than cows in the LIT BW group (11.3 ± 0.19 kg/d; Table 7 ). In addition, BCS change (P = 0.21; 0.62 ± 0.07), ADG (P = 0.77; 0.77 ± 0.04 kg), and RFI (P = 0.53; 0.00 ± 0.15) were similar among both BW groups.
The analysis of the first and second RFI ranking groups showed similar effects of the dependent variables analyzed. No differences (P > 0.50) were reported for beginning and ending BW between the NEG and POS groups or between the LOW, MED, and HI RFI groups (Table 8) . Similar to cow performance data from the LACT feeding period, ADG, end BCS, and FS were similar (P > 0.10) among POS and NEG RFI cows, and ADG and FS were similar among LOW, Within RFI ranking, least squares means within a row are declared significant at P < 0.05, with tendencies declared at P < 0.10.
1 LACT = cows fed during the lactation period.
2 NEG = all cows with a RFI < 0.00; POS = all cows with a RFI > 0.00.
3 LOW = all cows ≤ 0.20 SD below the RFI mean; MED = all cows ± 0.19 SD around the RFI mean; HI = all cows ≥ 0.20 SD above the RFI mean. 4 Pooled SE of RFI group means within each feeding period. 2 LIT = cows weighing below the mean beginning BW (591 kg), and HEV = cows weighing above the mean beginning BW during the LACT feeding period.
3 Pooled SE of cow BW group within each feeding period.
4 Least squares means of group, day, and group by day interaction within a row are declared significant at P < 0.05, with tendencies declared at P < 0.10.
5 Triiodothyronine (T3) and thyroxine (T4) were analyzed on d 31 and 43.
MED, and HI RFI cows. However, cows in the NEG RFI group tended (P = 0.08) to have a greater BCS at the beginning of the feeding period (5.2 vs. 5.0 ± 0.11) but did not have as much of a positive change in BCS (P = 0.01) over time compared with cows in the POS RFI group (0.51 vs. 0.73 ± 0.06). Cows in the LOW RFI group had a greater BCS (P = 0.01) at the beginning of the feeding period and tended (P = 0.08) to have a greater BCS at the end of the feeding period than cows in the MED and HI RFI groups. However, over time, BCS increased (P = 0.03) 0.26 and 0.24 for cows in the HI RFI group compared with cows in the LOW and MED RFI groups. Daily DMI for cows in the NEG RFI group was 1.1 kg less (P < 0.01; 11.3 ± 0.16 kg) than that for cows in the POS RFI classification (12.4 ± 0.16 kg). Cows in the LOW RFI group consumed 0.8 kg less (P < 0.01) than cows in the MED RFI group and 1.3 kg less than cows in the HI RFI group; cows in the MED RFI group consumed 0.5 kg less than cows in the HI RFI group. The endocrine markers glucose, insulin, T3, T4, and leptin measured during the NOLACT feeding period are presented in Tables 9 and 10 . There was a BW group by sample day interaction (P = 0.02) for plasma glucose concentrations in which d 0 levels tended (P = 0.06) to be greater for the LIT BW cows compared with HEV BW cows; however, no other interactions existed ( Table 9 ). The main effect (P ≤ 0.01) of BW group on plasma T3 and T4 levels showed that cows in the LIT BW group had T3 and T4 levels that were 21.7% and 14.8% greater than those of cows in the HEV BW group. In addition, a sample day effect (P < 0.01) existed for plasma T3, T4, and leptin in which T3 levels were 10.1% greater on d 0 compared with d 70 and T4 and leptin levels were 16.4% and 33.8% greater on d 70 compared with d 0 for both BW groups and RFI ranking groups, respectively. On the basis of RFI ranking, there were no sample day interactions (P ≥ 0.09) for either RFI ranking group (Table 10) . Within the NEG and POS RFI ranking group, there tended (P = 0.08) to be a main effect on plasma glucose levels as cows in the NEG RFI group had slightly greater levels than cows in the POS RFI group.
Pearson correlation coefficients of age and measures of BW, BCS, ADG, FS, intake, and endocrine markers for the NOLACT feeding period are presented in Table 11 . A strong positive relationship existed between BW group, DMI (r = 0.50; P < 0.01), and FS (r = 0.56; P < 0.01). As in the LACT feeding period, there was a strong negative relationship between BW group and d 0 plasma T3 (r = −0.44; P < 0.01), d 70 plasma T3 (r = −0.38; P = 0.02), d 0 and 70 combined plasma T3 (r = −0.39; P < 0.01), d 0 plasma T4 (r = −0.34; P = 0.04), d 70 plasma T4 (r = −0.36; P = 0.03), and d 2 NEG = all cows with a RFI < 0.00; POS = all cows with a RFI > 0.00.
3 Within RFI ranking, least squares means of RFI, day, and RFI by day interaction within a row are declared significant at P < 0.05 with tendencies declared at P < 0.10.
4 LOW = all cows ≤ 0.20 SD below the RFI mean; MED = all cows ± 0.19 SD around the RFI mean; HI = all cows ≥ 0.20 SD above the RFI mean. 
DISCUSSION
The objective of this study was to evaluate the impact of cow size on DMI, RFI, animal performance, and endocrine markers in mature beef cows during both lactating and nonlactating stages of production. Within a herd population, little is understood about the impact of differences in mature cow BW and BW ranges on feed efficiency with respect to the increase in cow size over the last 30 years. With a strong positive genetic correlation between weaning weight and mature size (r = 0.80) and carcass weight and mature size (r = 0.76; Bullock et al., 1993) , it has been estimated that mature cow size has increased 136 kg over the last 30 yr.
In the current study, the range in adjusted BW for all cows was 504 to 728 kg, indicating a 224 kg difference in the lightest and heaviest cows within this population. Mean BW differences between the LIT and HEV BW groups for both the LACT and NO-LACT feeding periods were 77 and 74 kg, and cow daily DMI was 0.8 and 1.1 kg greater for heavier BW cows than for light BW cows during the LACT and NOLACT feeding periods, respectively. However, ADG were similar among BW groups for both feeding periods, and BCS were similar during the NOLACT feeding period, which would not have accounted for the increase in DMI of cows in the HEV BW group in the NOLACT feeding period. However, because BCS was greater in HEV BW lactating cows, maintenance requirements may have been lower as a result of the smaller difference in intake between the 2 BW groups. Body weight differences between the LIT and HEV BW groups were similar during both feeding periods; however, DMI differences based on weight range were greater during the NOLACT feeding period than during the LACT feeding period. For every 45.4 kg increase in cow BW, there was a 0.47 and 0.65 kg DMI increased 0.47 in the HEV compared with LIT BW group in lactating cows at approximately 75 d 3 Cows were sorted into LIT and HEV BW groups. LIT = cows weighing below the mean beginning BW (591 kg), and HEV = cows weighing above the mean beginning BW during the LACT feeding period. 2 LIT = cows weighing below the mean beginning BW (591 kg), and HEV = cows weighing above the mean beginning BW during the LACT feeding period.
postpartum and 0.65 kg in the HEV compared with LIT BW group in nonlactating cows at approximately 225 d postpartum. NRC (1996) reports that for every 45.4 kg increase in cow BW, DMI increases 0.68 kg/ head daily on the basis of a similar stage of production. Nutrient requirements of beef cattle for maintenance and intake are based on cow size (Klosterman et al., 1968; Lemenager et al., 1980) , breed and body condition (Klosterman et al., 1968; Lemenager et al., 1980) , environment (Young, 1971; Young and Dietz, 1971) , and stage of production (ARC, 1980) . Cows in the HEV BW group in the current study consumed more DM than cows in the LIT BW group. However, it appears that differences in intake based on size are not much different than what NRC (1996) predicts for nonlactating cows but may be less for lactating cows.
To produce greater amounts of milk or meat, organ size and metabolic capacity must increase, subsequently impacting overall energy requirements for maintenance (Jenkins et al., 1986; Ferrell and Jenkins, 1988; DiCostanzo et al., 1990; Ortigues et al., 1993) . For example, maintenance requirements were reported to be lowest for Brahman cows in Texas (Solis et al., 1988) and highest for Braunvieh (Ferrell and Jenkins, 1988) and Simmental (Jenkins and Ferrell, 1983 ) cows in Nebraska. In the current study, cows in the HEV BW group had a higher FS, which would have contributed to the heavier BW cows. It was suggested that protein synthesis and turnover may be responsible for greater maintenance requirements of cattle that mature at heavier weights (Garrett, 1980) . Because genetic selection for faster-gaining cattle over the last 30 yr has increased mature cow BW, the rate at which protein synthesis and turnover occur may have been impacted, increasing DMI regardless of BW differences.
Following NRC (1996) , DMI is greater for lactating cows than for nonlactating cows with the same BW and milk production. In the current study DMI differ- Table 8 . Effect of negative (NEG) or positive (POS) and low (LOW), medium (MED), or high (HI) residual feed intake (RFI) on cow body composition and DMI during the NOLACT feeding period 1 a-c Within RFI ranking, means within a row are declared significant at P < 0.05, with tendencies declared at P < 0.10.
1 NOLACT = cows fed during the nonlactation period postweaning.
4 Least squares means of group, day, and group by day interaction within a row are declared significant at P < 0.05, with tendencies declared at P < 0.10. 5 T3 = triiodothyronine.
ences between the LACT and NOLACT feeding periods were 4.45 kg/d, which is approximately 3 times greater than what was reported in NRC (1996) for similar stages of production. Hatfield et al. (1989) reported greater intake by cows with greater potential to produce milk, and it is estimated that milk production accounts for 23% of the variation in maintenance requirements (Montaño-Bermudez et al., 1990) . Research conducted 30 yr ago reported mature, nonpregnant, nonlactating Jersey crossbred cows had a DMI similar to that of Charolais crossbred cows, which weigh almost 100 kg lighter (Jenkins and Ferrell, 1983) . Thus, it appears that mature size, in addition to milk production, has increased maintenance requirements and, as a result, increased DMI. Most of the emphasis on RFI has been focused on the feeding segment of the beef industry. However, the impact of genetic selection on mature BW questions the potential phenotypic relationship between mature cow size and RFI. In the current study, RFI was not affected by BW group during either feeding period. In addition, cow initial and ending BW and FS were similar among POS and NEG RFI ranking groups and among HI and LO RFI ranking groups, respectively. Crews (2005) summarized multiple studies in a review stating that because calculations for RFI yield a zero mean, linear regression shows RFI to be independent of its predictors, such as BW gain and mature cow BW (Herd and Bishop, 2000; Arthur et al., 2005) .
In the current study, DMI was 1.1 kg greater for cows with a POS RFI ranking than for cows with a NEG RFI ranking and was 1.4 and 1.3 kg greater for cows with a HI RFI ranking than for cows with a LO RFI ranking for both the LACT and NOLACT feeding periods, respectively. Because no differences in initial or ending BW or FS between POS and NEG RFI rankings and between HI and LO RFI rankings were observed for either feeding period, efficiency is likely affected significantly by DMI. Ribeiro et al. (2007) reported that bulls and heifers selected for low RFI had a 17% decrease in feed intake, with a tendency for greater DM digestibility (Richardson et al., 1996) , compared with bulls and heifers with a high RFI. In addition, it has been reported that postweaning RFI is genetically correlated to mature cow feed intake (Arthur et al., 1999; Archer et al., 2002) . This independence may have forced the likelihood that more variation in metabolic processes (e.g., protein synthesis and turnover) is due to RFI (Crews, 2005) . The typical perception is that larger cows are less efficient. Using RFI to evaluate efficiency, it would be incorrect to as- 2 NEG = all cows with a RFI < 0.00; POS = all cows with a RFI > 0.00.
3 Within RFI ranking, least squares means of RFI, day, and RFI by day interaction within a row are declared significant at P < 0.05, with tendencies declared at P < 0.10.
4 LOW = all cows ≤ 0.20 SD below the RFI mean; MED = all cows ± 0.19 SD around the RFI mean; HI = all cows ≥ 0.20 SD above the RFI mean.
5 Pooled SE of treatment means within each RFI ranking.
6 T3 = triiodothyronine.
sume that all heavier BW cows are less efficient than all lighter BW cows on the basis of BW and intake. Not only is feed efficiency important to consider in the cow herd, but traits used for production efficiency are equally important. Herd et al. (1998) reported beef cows expressing low RFI values tended to produce more kilograms of calf at weaning on a per kilogram of intake basis than cows expressing high RFI when measured postweaning. After 5 yr of divergent selection in Australia, selecting for low RFI within 2 generations resulted in progeny that consumed less feed than progeny selected for high RFI, although they had similar growth performance within 1 yr of age (Richardson et al., 2001) . Although calf weaning weight was not reported in this study, mature cows selected for low RFI postweaning may not only be capable of greater DM digestibility and lower daily DMI but may have a tendency to produce more kilograms of beef on a per kilogram of intake basis.
Although the relationships between endocrine markers, DMI, and feed efficiency are not quite understood, some studies have tried to identify these relationships. The correlation between leptin and efficiency of gain has been investigated, with results indicating that steers with greater plasma leptin concentrations had greater DMI (Nkrumah et al., 2007) and greater RFI (Richardson et al., 2004; Nkrumah et al., 2007) . During the LACT period, there tended to be differences in leptin in which concentrations were 27% higher in the LIT BW group than in the HEV BW group; however, during the NOLACT period, there were no differences, and in fact, numerically, HEV BW cows had greater concentrations. In addition, there were no differences or consistencies in concentration levels among cows with negative compared with positive RFI values and low compared with high RFI values, although a negative correlation existed between leptin and RFI value. Leptin functions as a regulator of BW, feed intake, and energy expenditure (Houseknecht et al., 1998) but may have a greater relationship with DMI and RFI in young, growing animals whose BW and DMI change with age.
Some studies have reported that insulin and glucose concentrations in beef heifers were affected by feed intake (Yambayamba et al., 1996; Yelich et al., 1996) and that insulin concentrations in feedlot steers were affected by RFI (Richardson et al., 2004 ). In the current study, insulin levels tended to be 31% higher among POS RFI cows, with a positive correlation between insulin and RFI during only the LACT feeding period. Although no significant differences in insulin levels were observed on either day of collection between HI and LOW RFI classifications, insulin levels were numerically greater during only the LACT period. These data follow the findings of Richardson et al. (2004) , who reported greater systemic insulin concentrations in high RFI steers at the end of a feedlot test. Even with the low animal numbers in that study, plasma insulin concentrations may be associated with less efficient mature cows during the lactation period.
Thyroid hormones control growth, differentiation, and metabolism in nearly all somatic tissues. Researchers at North Carolina State University have reported that concentrations of free thyroid hormones are correlated with feed efficiency measured as RFI in growing beef bulls and heifers, but this information has not been published. Plasma levels of T3 and T4 in this study were affected by cow BW group but not RFI ranking, as levels of T3 and T4 were numerically greater in the LIT BW compared with HEV BW lactating cows, whereas they were significantly greater in the LIT BW compared with HEV BW nonlactating cows. Because of the negative relationship between cow BW group and T3 3 Cows were sorted into LIT and HEV BW groups. LIT = cows weighing below the mean beginning BW (591 kg), and HEV = cows weighing above the mean beginning BW during the LACT feeding period.
and T4, as BW increased, plasma T3 and T4 levels decreased. However, because T3 is produced from T4 and is only 20% of the thyroid hormone produced, a larger sample population may be required to show if differences in cow BW cause differences in T3 or T4 or if relationships exist between T3 or T4 and DMI.
IMPLICATIONS
Research to determine DMI of mature beef cows was conducted over 20 yr ago, and feed efficiency, including DMI, needs to be reevaluated because of the impacts of genetic selection on mature cow size. To date, no work has been conducted to determine DMI differences among mature beef cows of different BW. The results from this study support what is currently reported in NRC (1996) in that DMI is greater for cows of greater BW. However, the magnitude of DMI based on BW differences during lactation appears to be smaller in our results, whereas the differences in DMI based on BW differences in nonlactating cows in this study were similar to what NRC (1996) reports. In addition, DMI has a strong positive relationship with RFI, but cow BW is independent of RFI and appears to be a poor indicator of feed efficiency in mature beef cows. However, because BW was similar across RFI rankings, some cows of heavier BW are falsely branded as inefficient because of their intake. There appear to be some relationships between physiological markers and feed efficiency and BW group, for example, between insulin and RFI and between T3 and T4 and BW group during certain stages of production; however, more emphasis may need to be placed on the relationships of these endocrine markers in younger growing cattle. Although the data indicate possible effects of genetic selection on feed efficiency and DMI, more research is warranted on a larger population in different environments with different breeds.
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